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Alu rii num-Copoer-ITickcl Alloy aa a Possible 
Subotitute for Al,/ha Braas for Use in Cartridge Cas^s . 

I Introduction. 

1. The present tendenoy towai’d reduction of arm- 
aments in general and reduction in 3ize of men- of -war in 
particular keeps the llavy Department constantly on the 
lookout for improvements which will cause an increase in 
battle-worthineoa of the vessels it is allowed. In former 
times the general policy was to first decide on armor » 
armament, and speed of the vessel and then design a hull 
capable of carrying the load. At the present time* ^ith 
tonnages limited by treaty? the problem is exactly re- 
versed. The size of the hull is fixed and then armor* 
armament* and speed balanced to fit. Consequently » any 
reduction in dead weight io highly desirable* and the 
outstanding opportunity for effecting this reduction io 
to subotitute light metal alloys for the heavier metals 
and alloys in as many places as possible. 

2 Certain types of Haval vessels employ fixed 
ammunition 1 exclusively while others employ it in certain 
groups of their guns. Those using fixed ammunition exclu- 
sively are the smaller vessels where a saving in weight of 
dead load means a material increase in battle-worthiness. 

Aa a further consideration* however* the reduction in 
weight of the unit charge is important when it is realized 

that with even the most modern mechanized loading apparatus 
the char S® lo manually handled at one or raox’e points in the 
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ammunition supply eh 1 In. 

The present work was undertaken with i v e hope of deter- 
mining a light alloy which mijht ho suit;- hie for use in cart- 
ridge oases. A rough estimate places hho possible reduction 
in weight of the unit charge at l?-30 percent. 

3. In adapting a light alloy to »uc> use many difficulties 
are encountered. The alloy must lave the following properties: 
(l) low specific gravity; (2) melting point and thermal conduct- 
ivity sufficiently high to enable it to withstand elevated 
temperatures for short intervals of time; (3) strength and 
hardness to enable it to withstand accidental knocks in 
handling and prevent ita extrusion into the extractor recess 
during firing; (4) sufficient elasticity to cause it to spring 
at the instant of firing and allow the gun to take the loads 
subsequently returning t.o ita initial form when the pres cure 
ia released; (5) ductility to allow deep drawing during manu- 
facture. Physical properties of an alloy as usually deter- 
mined will give only a good indication of how that alloy will 
act in a particular application. The present instance ie not 
an exception to this statement and it is admittedly true that 
in this etiao they will give only a general indication. The 
only worthwhile test must be the actual use of the alloy for 
the particular purpose. 

Light alloys have been tried for this purpose with no 

£> 

apparent success as yet. ' That work is being continued with 
the assistance of the Aluminum Company of America’s Engineer 
Gales Department but it io confined to adaptations of the 
standard commercial alloys. 
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4. From an indirection of the literature 3,4,5,fo,/ |^ e 
conclusion was reached that a suitable light alloy night 

be found in the Aluminum-dop'per-Xickel system. It w as pre- 

G iQ 

viously known that alloys 28 and 518 had been tried. 

The alloy 28 ( commercially r.ure aluminum) gave fair results 
but was far from a Buccess due to itfi softness. The alloy 
518 as \ised was practically a total failure. From this it 
might be considered that the melting point of the 28 was 
sufficiently high, and the melting point of the 518 was suff- 
iciently low, due to alloying additions, to prevent or allow 
intergranular melting. A permissible assumption is that a 
light A 1 umi i ium- p . o pp e r - t T i c k e 1 alloy with a melting xoint near 
that of the 28 and strength and hardness superior to that 
of the aluminum might be successful. 

5. The alloys to be investigated were basically the 
96Al-4Cu alloy with .1, 2, and 4 % nickel substituted for 
an equivalent amount of aluminum. The general plan of 
work consisted of 

(1) Determining liquidus and solidus for each alloy. 

(2) Determining effect of nickel content by 

(a) Xio restructure study 

(b) Hardness testa 

(5) Determining physical properties with various 
heat treatments. 

6. It is desired at thie point to make the following 
acknowledgements: 

(l) To qotomander W.K.Bro>n, U. 8. Navy, for his 
initial suggestion and subsequent help. 
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(2) To Hr. E. II. Pixj Jr. of the Aluminum Gecip&ny 
of America and hie staff for furnishing the 
alloys ami subsequent assistance and advice 
In the aetnllogrikphic work and in making 

the tensile specimens. 

(3) To Kr. G. r. Hal li veil of the Carnegie 
Institute of Technology faculty for hi© 
advice and assistance. 

II. Material* Apparatus* and Methods 

2* The analyses of the four alloys used arc bhown in 

Plate 1. They were prepared and analyzed at the Research 

Laboratory* Aluminum Company of America* Hew Kensington* Pa. 

The base metal was the high purity grade of aluminum known 
11 

as grade 7A. 

8. A email nichrome-wound resistance furnace wae used 
for the study of effects of heat treatment. Temperature 
control was entirely by hand. The temperatures were deter- 
mined by u noble-metal thermocouple which was calibrated 
against a secondary standard of known accuracy. The poten- 
tiometers used wore (1) a Leeds and Korthrup Type K for the 
solidus and liqui&us determinations and (k) a Leeds and 
Korthrup portable type* calibrated against the Type K» for 
temperature control of the furnace. A "drop-bo t ton" for 
the furnace was built rrhich would permit a quenching inter- 
val of approximately 1/5 second. The temperature differences 
within the furnace at 600°G. at the level of the platform 
were 4°C. froia side to center* 4°C. to a distance of 1 -A« 



above the platform. 
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9 . Procedure 

(1) Using carbon crucibles and with the thermocouples 
immersed in the metal and pro tooted from it by a silica tube 
cooling and heating curves were taken on each of the four alloy a 
to determine their solidus and liqui&us temperatures. At least 
two curves were taken on heating or cooling each alloy and in 
most cases three or more. The results* as tabulated in Plate 

2* are believed to be acourate within 5°C. 

(2) After determining the solidus and liquidus temperatures 
samples px£"xl/S* of each alloy were cut. Taking them in 
groups of four (one of each alloy) they were placed in the 
furnace* which had been rigged with the drop-bottom* and 

given the following heat treatment? heated to a temperature 
of 590°C. and maintained at that temperature 5°C.) for £ 
hour. The furnace was then allowed to cool slowly to various 
temperatures ranging from 247°C. to 540°C. and after holding 
at this temperature -j hour the specimens were quenched. The 
necessity of this fast quenching is obvious. The resulting 
specimens were then polished and etched with IIF (svmb* 8 
sec.). They were studied to determine the amounts and nature 
of the inclusions. Four typical examples of the structures 
are shown in the accompanying micrographs (Plates 3-6) . 

o 

(3) One group of specimens was then maintained at 618 C. 
for hour and quenched. Upon polishing and etching v/ith the 
l£ IIF it was seen that incipient melting had commenced. This 
is shown in Plate 7 for alloy #2. Similar conditions were 
noted in the other three. 

(4) Hardnesses (Rockwell B) were taken immediately upon 
quenching in an effort to determine the advent of any precipi- 
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tation. The results are ijlotted in plat© 3. 

(. ) A group of specimens were quenched after soaking 
for h.-ur at 590°C. and then aged at various temperatures 
ranging from 100°C. to 450°C. for an additional £ hour. The 
aging at 100°C. was done in boiling water and at the higher 
temperatures in the nichrome- wound furnace. They were air 
cooled from the aging temperatures. Hardness (Rockwell E» 

1/8” ball» 100 kg. loadt B scale) was taken after aging and 
the results plotted as shown in Plate 9. 

(6) The #1 and #4 half-inch plate3 were then tolled 
down» first hot and then finished with a 5Q/J cold reduction, 
the final thickness was 0.064° (14 gage. A.U.G.). Flat ten- 
sile coupons were then punched and milled. A series of the 
test pieoeo were heat-treated as in (5) and physical proper- 
ties determined for the two alloys in the eold-rolled and 
heat-treated conditions. At least two specimens were tested 
for each alloy and heat- treatment . The average results are 
plotted in plates 10-12 inclusive. 

(7) The microstructure of alloys ?1 and #4 after quenching 
and aging at 100°C. is shown in plates 13 and 14. 
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Alloy #3 

Quenched from 590°C. 
Unetched X500 
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Alloy #2 

Quenched from 618°C. 
l£ HP etch X500 
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Alloy #1 

Quenched from 590°0. 

Aged at 100°C . 

1 % HP etch X100 
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Alloy #4 

Quenched from 590°C. 

Aged at 100°C . 

1 % HE etch X100 
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IV. Discussion of Results and Conclusions 

ll. The hardness teats of tho alloys in the con- 
dition ao ^ucnched from various temperatures (see Plate 8) 
show nothing that can be called conclusive evidence of 
precipitation. It will be noted that while the hardnesses 
of the lower nickel alloys are consistently higher than 
those for the higher nickel alloys the values are prac- 
tically constant over the range of quenching temperatures. 
The l/l6 w ball (Rookwell 3} is too small for this soft 
material but was considered eatisfactory inasmuch as the 
results are purely relative and all hardnesses were nearly 
equal. The values obtained are all less than zero (Rock'. 'ell 
B) but assurance was obtained during the testing that the 
load was applied only through the ball. 

In the competition range examined* the liquiduo 
temperature decreases from 648°C. for the low-nickel alloy 
to G35°C. for the higher-nickel alloy (Plate 2). The 
solidus temperature is practically the same for the four 
alloys# While the rates of heating and cooling used were 
slightly high (4°C. per minute) tho agression* between the 
heating and cooling temperatures ini'. cates that any ...sg 
developed was not of serious consequence. The solidus 
temperature is the more important of the two because of 
the fact that with a rising temperature any intergranular 
melting will begin at that point. In the blast within the 
gun this would allow grains to be blown loose from the main 
mass of me tad . If this intergranular melting is not begun 
it la believed that the metal* even though reduc'd in 
strength due to the elevated temperature* will have 
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sufficient strength to withstand the blaot. Coltdus tem- 
perature will als>o depend on amounts of impurities present. 
It was for this reason that the so-called high purity grade 
7 A was chosen as the basic metal rather than the ordinary 
"commercially pure aluminum. " In the 515 alloy there is 

an exceay of silicon whieh invites reference to the stato- 

6 

ment of Aroher in Edwards* Frary • and Jeffries book that 
the solidus in Aluminum-Kagneaium-Silicon alloys having 5i 
In excess of the Uz, 5i ratio occurs at approximately 55 J°C . 
with the freezing of the ternary eutectic. The final 
solidification probably takes place at a still lower tem- 
perature in 515 due to the presence of impurities. A com- 
parison of the solidus temperatures of the subject alloys 
with those of the alloys 2S and 515 shows 

Alloy 2S Al-Cu-SJi 515 

Solidus temperature f>58°C. 620°C. 550°0. 

Thus* solidus temperature and with it resistance to inter- 
granular melting for the Aluminum-Copper-lTickel alloys is 
seen to compare favorable with the 25 as against the 51S 
alloy. 

The 3 tudy of the aicrostructure revealed that the four 
alleys fall into two groups; the first group being the two 
low-nickel alloys and the second group being the two higher- 
nickel alloys. It was noted that over the whole range of 
temperatures from which cjuenched the alloys consisted of a 
ground mass of solid solution with scattered inclusions lo- 
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cated largely at the grain boundaries* These inclusions were 
seen to increase with added nickel but at a faster rate.i.e.* 
there are more than eight ti:&es as isany inclusions in the 4/ 
nickel alloy as in the all -y containing nickel. In the 
first group the inclusions were wholly the ternary compound* 

K 0 

T or Cu~Hi* as identified by the methods of Six and Keith . 

In the second group there appear© a greatly increased amount 
of the ternary compound together with a large amount of MAl^. 
The presence of any CuAi.lm any of the alloys at the as-quenched 

d 

teruperatures was not noted. While the abort time of soaking 
is not sufficient to allow complete equilibrium to be reached 
the reeults obtained are believed to be qualitatively ac- 
curate. It io believed that this distribution effect, is due 
to the normally strong attraction of nickel for copper* 

With email amoumte of nickel present some of the copper 
combines with it and aluminum to form the ternary compound 
while the remainder goes into solution. '7ith higher nickel 
content less of the copper goes to form solid solution and 
more forma the ternary compound until a point is reached 
where a large excess of nickel is needed to draw copper from 
s olid solution in the aluminum* Hiokel over and beyond 
this critical concentration would then unite with the 
aluminum and appear a© MAI . This is found to be the oase 

for* with nickel over 1^» free MAI is present. Both the 

3 

ternary compound and the XiAl* appear as fairly large 
rounded particles* mostly at grain boundaries* mid would be 
expected to have a negative effect on physical properties. 

This io corroborated by the physical data for the higher- 
nickel alloys. 
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Nickel. therefore* having the no*>.r to take up and 
combine with all available copper to form the tern* ry com- 



pound as a rounded inclusion will act as a scavenger for the 
grain boundaries. While with proper treatment there is 
small likelihood of there being present any copper-aluminum 
eutectic* it is not an impossibility and the funett. on of the 
nickel would be to draw this eutectic up into an inclusion 
much in the same manner that manganese is said to combine 
with sulphur in steel and form a rounded particle. This 
would remove the eutectic which might, be present at gr. in 
boundaries and which- with its comparatively low melting 
point, 548°G., would allow early melting and disintegration. 

It was originally intended to determine precisely 
the physical properties for the complete set of alloys with 
varying heat treatments. This phase of t>e work has had to 
be shortened* however* due to a lack of time. The heat- 
treating of the tensile specimens wa3 done in an electric 
resistance furnace with the specimens buried in sand in a 
sheet metal container and the temperature manually con- 
trolled to offset a large temperature gradient within the 
furnace and a poor automatic control. It was due to lack 
of a close automatic control that only comparatively short 
time of aging was used. All tensile properties were de- 
termined across the direction of rolling. The testing nochine 
was a Tinius 0l3en 50000-pound machine using a light poise 
to convert it to a 5000-pounc\ maximum load. It was run at 
minimum speed. Yield points were determined by the dr~n of 
bean and noting change in rate of application of lead. 

To he noted on physical properties ia the fact that 
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the material hot-rolled easily ..xid on cold-rolling showed a 
clean smooth finish with no tearing. The final reduction in 
the cold state was fifty percent. 

Just as the four alloys fall into two tiicro structure 
groups so do they fall into two groups in hardness values 
after heat, treatment (Piste 9). The two alloys of higher 
nickel content are slightly softer than the two iov-niekel 
alloys and do not respond an equal amount to heat treatment. 
This would he expected considering the larger number of in- 
clusions present and consequently a small ’~r amount of dis- 
solved copper with the higher nickel content* juat as we 
would not expect a one- tenth carbon steel to bo as Lsat- 
tr of. table as one with higher carbon. It was assumed that 
other physical properties would likewise show a division 
and only the high and lev nickel alloys were tested for 
physical properties. Plates 10 and 11 show the physical 
properties of the two alloys while Plate 12 shows a com- 
parison of their tensile strength and elongations. 

The solution heat treatment* i.e., quenching from 
near the eolidus* followed try aging at 1)0^0.* is considered 
to give the best combination of properties to these alloys. 
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and harder of the two. 
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12. The results comparable with those of Read nd Greaves 

4 

in their work en the physical properties of this system chow 
good agreement. For the 92:4:4 Al-Cu-12'i. {nominal composition) 

alloys: 
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^Present work on sheet reduced cold about 59,* in 
cross section to .064**. Read and Greaves on 1“ 
rod oo Id drawn to 7/8". 

It will be noted above that the greatest disagreement 
is confined to those properties# Yield Point and Reduction of 
Area# in which positive values are difficult to determine. 

The alignment of the four alloys into two groups with 
the division at between one and two percent, nickel which 

was shown by the microscope and hardness testa agrees in 

5 

general with the diagram of Bingham and Haughton. They 
place a phaoo boundary at between one and two percent, 
niokel. The liquitlus temperatures also ohow good agree- 
ment. A narked disagreement is shown in the solidus 
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temperatures* however. In their deteruinutione a great 
•mount of difficulty *rs encountered in interpreting a 
number of minor halts in the cooling curvea (inverse-rate). 

A close determination of solidus tern er ture under these 
circumstances is impossible hut it is believed probable* ao 
they state* that t eoe minor halts were due to met&atnbility 
in the liquid. On heating many of these retardations were 
not in evidence. In the present work solidus points 'ere 
determined on time- temperature rather than inverse-rate 
curves. The inve. se-rate curve, while it docs gave ©ore 
definite determinations » also magnifies any experimental 
errors to et point where they may complicate the interpre- 
tations. The uniforai results obtained in the present work 
lend assurance to the correctness of the determinations and 
the later work on heat treating* i.e.* the solution heat- 

tre- tment consisting of soaking at 90°C.» shows positively 

o 

that the solidus is above 085 G.» the temperature determined 
by Bingham and Kaughton. These variations may. of course* be 
due to different amounts of impurities. Eo explanation is 
attempted for the still gre ter disagreement in selidus tem- 
peratures for the low-nickel alloy. 

13. It is reiterated here that the only test which will 
give positive indication of the adaptability ol this group of 
alloys to use in cartridge cases must be actual application. 
We can* however* make an estimate of thi3 adaptability by 
examining the above data in the light of past experiment. 

The alloys designedly have a low specific gravity. The 
only advantage an alloy of higher nickel content might have 
over the low nickel alloy might be the presence of KiAl 
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With vrh t m&y be called an excess of nickel present* it iu 
extreiaely unlikely that any oopp n* could exist outside of 
either the solid solution or the ternary compound. It io 
believed possible* ©waver* that the small r amount of 
nickel* one-half is sufficient to opheroidiae 

whatever free copper Might be available as the ternary com- 
pound. Conac guently* our consideration will devolve upon 
the low nickel alloy (9b$-:4t$- AliCusUi) . It is composed 
initially to avoid the presence of any impurities which 
might allow earlier melting. Then annealed at 450°C.* 
its hardness* along tion* and reduction of area would 
indicate that It could be as easily drawn &3 the alloys 
17S (duralumin) and 253 (silicon- manganese alloy)* probably 
slightly more so. In the recommended hcat-tiv tod condition 
(quench at 590°C.* aged nt lOO^G.) it has sufficient strength 
and hardness for all except rough usage. It hag a solidus 
temperature comparable with that of the commercially pure 
aluminum * which* while not high* might be sufficiently 
elevated to prevent disintegration. At elevated temperature 
however* it ia extremely soft and care must bo token when 
heat-treating not to strain it in any manner. Evidence of 
this softness occurred in attempting to he^t- treat a Specimen 
made up of laminations screwed together. The strain on the 
screw-head caused it to sink deeply into the outer metal when 
the metal was heated prior to quenching. 'Whether or not this 
softness will cause failure in the cartridge case during the 
firing is a subject for conjecture. Alloy 518 was not ex- 
truded into the extractor recess as much am alloy 2S and at 
the oame time alloy 23 did not suffer from disintegration to 
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to the aiazat extant that the 51S did. It night be expected 
that the Al-Cu-lIi alloy would resist disintegration equally 
as well as the IIS and that it would resist extrusion aa well 
as the 51S. 

The general conclusion is that a trial of this alloy in 
actual uae would be worthwhile. It is not a conviction that 
it will be more adaptable than the standard commercial alloys 
but there Is in its favon as against them* the difference in 
impurities and absence of alloying additions which might 
allow earlier melting. 

14. A continuation of this work along the following 
lines would be advisable: (1) Testing of the chosen alloy 

by actual application (Ceauaercial application of an alloy 
based on grade ?A aluminum would not be practical. But while 
it ie desirable to have impurities a minimum* it. is believed 
possible that use of a coarr-ero tally practical high-purity 
grade of aluminum would give satisfactory results} $ (2) De- 
termination of the physical properties of the two intermediate 
alloys of this group* noting any critical nickel content which 
would be expected at between one and two percent. s (5) Further 
determination of solidus temperature© working with alloy© having 
varying amounts of impunities purposely added? ( 4 ) Further 
determinations of effects of heat- treatment involving a 
variation in tine of aging* and quenohlng from temperatures 
below that used in the present work. 
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V Appendix. 

15. Relative References and Notes. 

1 JTote: Fixed ammunition is the term applied to the cnarge 

for a gun where the propellant in contained in a cart- 
ridge c-ane which in fixea to the projectile, the two 
constituting a unit mans; e.g., all pistol ammunition 
is fixed ammunition. 

2 "Report on Conditions Pevelo-ed in the Firing of 

Aluminum Cartridge Cases ”, Naval Gun Factory Report, 

18 April, 1929, c .E.M&rgerum. 

3 "Light Metals and Alloys, Aluminum, Magnesium", Circular 

of the Bureau of standards, No. 346 . 

4 "The Properties of Rome Aluminum-Nickel and Copper-Nickel- 

Aluminum Alloys", Read and Greaves, J. Inst. Met. .13.100-159 

5 "The Constitution of Gome Alloys of Aluminum with Copper 

and Nickel", Bingham and Haughton, J . J rtst . Met . .29.71 

6 "The Aluminum Industry”, Edwards, Frarv, and Jeffries, 

Vol.2, Aluxtinum Products and Their Fabrication. 

7 "Metallurgy of Aluminum and Aluminum Alloys", R . J . Anderson. 

8 "The Etching Characteristics of Constituents in Commercial 

Aluminum Alloys", Pix and Keith, Proc.A.8.T.K.26 

9 28 Aluminum Co. of America com tercially pure (99/S 4) 

aluminum, principal impurities iron, silicon, and copper. 

10 51S Aluminum Co. of America alloy. Nominal composition: 

1 % silicon, 0.6$ magnesium, reminder aluminum plus 
impurities . 

11 7 A Aluminum Co. of America highest purity (99.95/S) 
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